We present a detailed study of the quasar-galaxy pair: J1243+4043 -UGC 07904. The sight line of the background quasar ( z q = 1.5266) passes through a region of the galaxy (z g =0.0169) at an impact parameter of 6.9 kpc with high metallicity (0.5 Z ⊙ ) and negligible dust extinction. We detect H i 21-cm absorption from the foreground galaxy at arcsecond and milliarcsecond scales. For typical cold neutral medium (CNM) temperatures in the Milky Way, this 21-cm absorber can be classified as a damped Lyα absorber (DLA). We infer the harmonic mean spin temperature of the gas to be ∼400 K and for a simple two-phase medium we estimate the CNM-fraction to be f CNM = 0.27. This is remarkably consistent with the CNM fraction observed in the Galaxy and less than that of high-redshift DLAs. The quasar exhibits a corejet morphology on milliarcsecond scales, corresponding to an overall extent of ∼9 pc at z g . We show that the size of CNM absorbing clouds associated with the foreground galaxy is >5 pc and they may be part of cold gas structures that extend beyond ∼35 pc. Interestingly, the rotation measure of quasar J1243+4043 is higher than any other source in samples of quasars with high-z DLAs. However, we do not find any detectable differences in RMs and polarization fraction of sight lines with or without high-z (z ≥ 2) DLAs or low-z (z ≤ 0.3) 21-cm absorbers. Finally, the foreground galaxy UGC 07904 is also part of a galaxy group. We serendipitously detect H i 21-cm emission from four members of the group, and a ∼80 kpc long H i bridge connecting two of the other members. The latter, together with the properties of the group members, suggests that the group is a highly interactive environment.
INTRODUCTION
At cosmologically significant redshifts, the bulk of H i in galaxies is probed via Damped Lyα Absorbers (DLAs), defined to have N(H i)≥2×10 20 cm −2 , seen in the optical spectra of distant quasars . Due to the atmospheric cut-off in ultraviolet, large samples of DLAs are only available at z > ∼ 1.6. Compared with the Ω HI (z =0) measured from 21-cm emission line observations, its decrease from z∼2 is less than a factor of 2 which ⋆ E-mail:ngupta@iucaa.in is very modest compared to the order of magnitude decrease in the star-formation rate (SFR) density over the same redshift range (Madau & Dickinson 2014; Hoppmann et al. 2015) . This implies that the processes leading to the conversion of atomic gas into molecular gas and eventually into stars need to be understood directly via observations of cold atomic and molecular gas (e.g. Curran 2017) , rather than via the evolution of total atomic gas content.
Observations of the 21-cm absorption line which is an excellent tracer of cold atomic gas (∼100 K) in the interstellar medium (ISM) can be used to map the evolution of cold gas in galaxies.
There have been a number of H i 21-cm absorption line surveys in the past but due to technical limitations most of these have been based on samples of high-z Mg ii absorbers and DLAs (e.g. Briggs & Wolfe 1983; Carilli et al. 1996; Gupta et al. 2009; Kanekar et al. 2009b; Curran et al. 2010; Srianand et al. 2012a; Gupta et al. 2012; Kanekar et al. 2014; Dutta et al. 2017a) . At these redshifts, it is challenging to determine the properties of absorbing galaxies and, hence, the origin of absorbing gas. Furthermore, due to the sparse availability of suitable low-frequency receivers at Very Long Baseline Interferometry (VLBI) antennas one cannot carry out milliarcsecond (mas) -scale interferometry to determine the parsec-scale structure of the absorbing clouds. The structure and the size distribution of neutral gas are required for determining the true 21-cm absorption optical depth and spin temperature (Briggs & Wolfe 1983) , and relevant for understanding the processes that determine the stability of these clouds (e.g. Mac Low & Klessen 2004) .
The subarcsecond-scale spectroscopy of high-z 21-cm absorbers will be possible only after the Square Kilometer Array (SKA)-mid and, eventually, the SKA-VLBI with suitable low frequency (<1 GHz) receivers are built (Paragi et al. 2015) . For the moment, the above-mentioned difficulties can be overcome at lowz by targeting quasar-galaxy pairs 1 (QGPs) where the foreground galaxy is at a redshift (typically z<0.2) such that the redshifted H i 21-cm line is observable using VLBI. The 21-cm absorption observations of such QGPs covering a wide range of galaxy types and environments can be used to build a sample of DLAs at low-z where a direct connection between the galaxies and absorbers can be made (e.g. Haschick et al. 1983; Carilli & van Gorkom 1992; Boissé et al. 1998; Borthakur et al. 2010; Gupta et al. 2010 Gupta et al. , 2013 Reeves et al. 2015 Reeves et al. , 2016 Borthakur 2016; Dutta et al. 2017b) . Furthermore, if the background quasar has structures on parsec scales, the VLBI spectroscopy can be used to probe the parsec scale structures in the cold atomic gas (e.g. Srianand et al. 2013; Biggs et al. 2016) .
In this paper, we present a detailed H i 21-cm emission and absorption line analysis of a low-z quasar/galaxy pair, SDSS J124357.5+404346.5/ SDSS J124355.78+404358.5, that has above-mentioned properties. Hereafter we refer to this pair as QGP J1243+4043. The H i 21-cm absorption towards this QGP was reported in Dutta et al. (2017b) . The quasar J1243+4043 is unique in the sense that it is polarized and, therefore, also offers an unique opportunity to probe the magnetoionic plasma from the foreground 21-cm absorbing galaxy along the same line of sight. Fig. 1 shows the SDSS colour composite image of this QGP. The quasar is compact (deconvolved size <2 ′′ ) in the Faint Images of the Radio Sky at Twenty-Centimeters (FIRST) survey and has a flux density of 194 mJy. While the galaxy is well known in literature as UGC 07904 and has a redshift of z g =0.017 (Nilson 1973) , the redshift of the quasar is unknown from previous literature. The quasar sight line passes through the edge of the spiral arm of this nearly edge-on galaxy at an impact parameter of 6.9 kpc 2 ( Fig. 1) . White et al. (1999) identify the foreground galaxy as a member of a poor galaxy cluster. The other three members (not seen in redshifts are from the SDSS database, and the mean redshift of the galaxy group is 0.0174.
To study this system in detail, we have performed longslit spectroscopic observations of the QGP J1243+4043 using 2-m optical telescope at IUCAA 3 Girawali Observatory (IGO) to measure the quasar redshift, line of sight reddening and the properties of the ionized gas in the galaxy. We have used radio data from the Giant Metrewave Radio Telescope (GMRT), the Westerbork Synthesis Radio Telescope (WSRT), and the global-VLBI array consisting of the Very Long Baseline Array (VLBA) and the European VLBI Network (EVN) to map the large scale H i 21-cm emission from the QGP and the associated galaxy group, and detect 21-cm absorption towards the background quasar at arcsecond and mas scales.
The layout of this paper is as follows. In Section 2, we present details of optical and radio data used for this study. Results and discussion are presented in Section 3. We also discuss the unusually high RM of quasar J1243+4043 in the context of other polarized quasars with DLAs and 21-cm absorbers. A summary of the results is presented in Section 4.
OBSERVATIONS AND DATA REDUCTION

IGO optical long-slit spectroscopy
The IGO observations were performed on 2010, April 11, 12 and 14 using the IUCAA Faint Object Spectrograph (IFOSC) with slit orientations as shown in Fig. 1 . The observing details are provided in Table 1 . The seeing, measured from the images taken at the night, Column 1: slit orientation as shown in Fig. 1 ; column 2: date of observations in format yyyy/mm/dd; column 3: exposure time in min; column 4 and 5: air mass and grism respectively. was 1.2 ′′ -1.6 ′′ . The length of the long slit is 10.5 ′ . The slit width was kept at 1.5
′′ . In orientation 1, the slit was aligned along the disk of the galaxy, whereas in orientation 2, it was aligned to cover the quasar and trace the properties of gas perpendicular to the galaxy disk. In each slit orientation, we used grisms GR7 and GR8 of the IFOSC to obtain the spectra over the wavelength range of 3800-9000 Å.
The data were reduced using a Helium-Neon lamp spectrum as the comparison and by following standard procedures using IRAF involving corrections for geometrical distortions, vacuum wavelength calibration, and flux calibration. For flux calibration, we used observations of the spectrophotometric standard star Feige 34. Simple flat-fielding did not remove the fringing in the red part of the GR8 spectra. To remove this effect for the quasar we obtained spectra for slit position 2 by placing the quasar at different locations along the slit and subtracting one exposure from the other (as done in Vivek et al. 2009 ). Finally, spectra in the heliocentric frame were extracted at different positions along slit orientations 1 and 2 using sub-apertures of dimensions 3.5 ′′ ×1.5 ′′ and 1.8 ′′ ×1.5 ′′ respectively.
GMRT observations
We observed the QGP J1243+4043 using the GMRT 1.4 GHz receiver on 2010, July, 1. The pointing center was the position of the quasar. The baseband was centered at the redshifted 21-cm absorption frequency corresponding to the galaxy redshift, z g = 0.0169, as measured from the SDSS spectrum. We observed the standard flux density calibrator 3C 286 for 10 to 15 min every 2-3 hr to obtain a reliable flux and bandpass calibration. The compact radio source J1227+365 was also observed for 7 min every ∼50 min for phase calibration. The total on-source time was ∼4.6 hrs. The data were acquired using both the hardware and software backends. The H i 21-cm absorption spectrum obtained using the data from GMRT hardware correlator are presented in Dutta et al. (2017b) . Here we present the higher spectral resolution data with a ∼4 MHz bandwidth split into 512 channels, acquired through the GMRT software backend (GSB). These data were reduced using the Automated Radio Telescope Imaging Pipeline (ARTIP) that is being developed to perform the end-to-end processing (i.e. from the ingestion of the raw visibility data to the spectral line imaging) of data from the uGMRT and MeerKAT absorption line surveys. The pipeline is written using standard python libraries and the CASA package. Details will be presented in a future paper. In short, following data ingestion the pipeline automatically identifies bad antennas, baselines, time ranges and radio frequency interference (RFI), using directional and median absolute deviation (MAD) statistics. After excluding these bad data, the complex antenna gains as a function of time and frequency are determined using the standard flux/bandpass and phase calibrators. Applying these gains, a continuum map that uses a user-defined range of frequency channels (200-450 -excluding channels with absorption, in the case of QGP J1243+4043) is made. Using this map as a model, self-calibration complex gains are determined and then applied to all the frequency channels. Finally, the self-calibrated continuum map of J1243+4043 was made using CASA task tclean with ROBUST=0.5 visibility weighting. The map has a synthesized beam of 2.5 ′′ ×2.1 ′′ and an rms of 0.4 mJy beam −1 . The quasar is compact at this resolution and has a peak flux density of ∼206 mJy beam −1 . The pipeline used the CLEAN component model based on this map to subtract the continuum emission from the uv data. This continuum-subtracted data set was then imaged to obtain the spectral-line cube. The stokes I spectrum extracted from this cube at the location of quasar J1243+4043 has a resolution of 1.7 km s −1 and an rms of 1.8 mJy beam −1 channel −1 .
WSRT observations
The QGP J1243+4043 was observed with the WSRT at 1.4 GHz in Maxi-Short configuration using a baseband bandwidth of 10 MHz split into 2048 frequency channels. The telescope was pointed at the quasar coordinates. The total on-source time, split over five observing runs between 2010, October, 25 and 2011, January, 29, is ∼21 hr. The standard flux density calibrators 3C 147 and 3C 286 were observed at the beginning and the end of each observing run for flux and bandpass calibration. The editing of bad data, and the flux and bandpass calibration were done using the AIPS. After this, the uv data from different observing runs were concatenated using the AIPS task DBCON. An initial continuum image was made using line-free channels, and this was then self-calibrated. The image was made using ROBUST=0 weighting, and has a beam of 30.7 ′′ ×13.9 ′′ with a position angle = 31
• . The quasar J1243+4043 in this map has a flux density of ∼200 mJy, consistent with the GMRT observations. The complex gains from self-calibration were applied to the line uv dataset. The radio continuum-subtracted line dataset was then shifted to the heliocentric frame using the AIPS task CVEL and also Hanning smoothed to a velocity resolution of ∼4 km s −1 (i.e. similar to the resolution of the GMRT dataset used for the analysis).
We imaged this line dataset using the CASA package to obtain H i cubes and total H i maps. For the 21-cm absorption line analysis, we made an H i cube using the same weighting and beam size as the continuum image. The H i cube was CLEANed down to twice the single channel noise using image masks. The masks were iteratively enlarged after each major cycle of CLEAN to include the pixels with detectable extended emission as determined from the H i cubes spatially smoothed using a Gaussian kernel. The cube has a single channel rms of 0.6 mJy beam −1 . Due to the excellent low-surface brightness sensitivity of the WSRT, in the ROBUST=0 H i cube, we detect both 21-cm emission and absorption from UGC 07904 towards the quasar J1243+4043. In addition, we also detect H i emission from the other members of the galaxy group (see Section 3.7).
The total intensity H i map was made by summing over the emission detected in the H i cube. To exclude noise pixels from the summation and detect diffuse/faint emission at the edges, the summation was done as follows. First, we created a mask with values of 0 or 1 based on H i emission detected at the 4σ level either in (1) the original H i cube or (2) the cube smoothed using a Gaussian filter of FWHM 60 ′′ ×30 ′′ with a position angle of 31
• and a Hanning filter of width ∼8 km s −1 . This mask was then convolved with the synthesized beam of the H i cube and only pixels with values greater than 0.5 in the convolved mask were retained. This mask was used to create the total H i intensity map which was finally corrected for the effects of the WSRT primary beam attenuation.
Global VLBI 21-cm absorption
The global VLBI observations of quasar J1243+4043 were carried out on 2011, June, 8. In total 16 stations, 10 from the VLBA and 6 (i.e. Effelsberg, WSRT as a phased array, the Jodrell Bank (Lovell) telescope, Onsala-25m, Medicina and Torun) from the EVN were used. The interferometric data from the WSRT dishes were also recorded in order to measure the total continuum flux density of the quasar at arcsecond scales. The source 3C286 was observed for the flux density and bandpass calibrations.
For VLBI, we observed 4C 39.25 and 3C 345 as fringe-finders and bandpass calibrators, and J1242+3751 as the phase calibrator. The total observing time was 12 hrs. The EVN participated only for the first 10 hrs. The aggregate bit rate per telescope was 128 Mbit/s. We employed 2-bit sampling and split the data to 4×4 MHz sub-bands in each of the polarizations (R, L). The VLBI data were correlated at EVN MkIV Data Processor at the Joint Institute for VLBI in Europe (JIVE) in Dwingeloo, the Netherlands in two separate passes with an averaging time of 2 seconds. The low spectral-resolution continuum pass had 16 spectral channels in each sub-band. In the line pass the second band which was centered at the redshifted 21-cm frequency was correlated to yield 1024 spectral channels. The shortest baseline in the data is ∼250 kλ, where λ is the observing wavelength. Conservatively, this implies that the data are only sensitive to structures < 1 ′′ . We followed the standard data reduction procedures in AIPS to calibrate these data. The continuum and line images were made following the steps as outlined in the Sections 2.2 and 2.3.
The VLBI radio continuum image made using ROBUST=0 weighting has a beam size and rms of 7.0 mas×2.7 mas (Position angle=−15
• ) and ∼100 µJy beam −1 respectively. For spectral line analysis, the H i data cube from the VLBI data was made using ROBUST=0 weighting and has the same beam size as mentioned above. The H i cube, at the full spectral resolution of ∼0.9 km s −1 , has an rms of ∼0.7 mJy beam −1 . In the spectrum of the quasar, we detect 21-cm absorption at the frequency expected from the GMRT and WSRT datasets.
RESULTS AND DISCUSSION
Redshift of the quasar and line of sight reddening
The IGO spectrum extracted from slit orientation 2 at the location of the quasar (see Fig. 1 ) is shown in the left panel of Fig 2. The spectrum shows two strong emission lines which we identify as Mg ii and [C iii] emission at z em = 1.5266 +/-0.0032. In the figure, we also overlay the redshifted SDSS composite quasar spectrum from Vanden Berk et al. (2001) . It is interesting to note that the composite spectrum roughly reproduces the IGO spectrum of the quasar. This suggests that the line of sight reddening towards the quasar is limited.
In order to see how the relative colors of the quasar compare with a typical quasar at a similar redshift, we gathered colour information of 3000 quasars in the SDSS database with 1.525≤z em ≤1.575. Following Richards et al. (2003), we define ∆(gi) as the relative colour of individual quasars with respect to the measured median. The distribution of ∆(g-i) for all these quasars is shown in the right panel of Fig. 2 . The measured ∆(g-i) for the quasar is −0.05±0.02. This implies that this quasar is actually slightly bluer than a typical quasar at z em = 1.52. Thus, the quasar sight line is relatively dust free even though it is passing very close to the spiral arm of a galaxy.
In Fig. 2 , we also mark the expected positions of Ca ii and Na i absorption lines from the foreground galaxy, UGC 07904 (SDSS J124357.17+404346.1). We do not detect these lines in the spectrum. However, this is not surprising given the poor signal to noise ratio and the spectral resolution (i.e ∼ 350 km s −1 ) that are not ideal for detecting these absorption lines unless they are abnormally strong.
SFR and metallicity of the foreground galaxy
We use Hα, Hβ, [N ii] and [O iii] emission lines from the foreground galaxy, detected in the IGO long-slit observations to derive the star-formation rate and metallicity. For these, the spectra were extracted from sub-apertures of sizes 1.2 × 0.5 kpc −2 (3.5 ′′ ×1.5 ′′ ) and 0.6 × 0.5 kpc −2 (1.8 ′′ ×1.5 ′′ ) along the slit orientations 1 and 2 respectively (see Fig. 1 ), and were fitted with Gaussians to determine line fluxes and velocities.
The 2D spectrum for the Hα line along the slit orientation 1 and the corresponding rotation velocity are shown in Fig. 3 . From the rotation velocity, it is clear that the northern spiral arm, with respect to the galactic center, is moving away from us. Following Argence & Lamareille (2009) , we estimate the optical depth at the intrinsic V-band of the galaxy, τ Balmer V , for each sub-aperture, using
an intrinsic Balmer ratio Hβ i /Hα i = 2.85 (Osterbrock & Ferland 2006) and,
as given by Wild et al. (2007) . Here τ V is the total effective optical depth in V-band and µ is the fraction of total τ V caused by the ambient ISM. We set µ = 0.3 based on observed relations between UV continuum slope and Hα to Hβ emission line ratios. The τ Balmer V along the disk ranges from 0.1 to 4.2, and the values are larger towards the galactic center compared to the disk. Also, within allowed errors the measured τ
Balmer v values are consistent with minimal extinction in the outer spiral arms. This is consistent with the limited reddening seen towards the quasar J1243+4043 in Section 3.1.
Next, we estimate the star-formation rate (SFR) in each subaperture using,
with log ηHα = 39.38 as given by Argence & Lamareille (2009 Since, the main objective of our analysis is to connect the gas seen in absorption towards the quasar with the properties of foreground galaxies, we use emission lines detected along slit orientation 2 to estimate the SFR and metallicity in the absorbing gas. Along slit orientation 2, no Hα emission from the galaxy is detected at the location of the quasar. The Hα flux measured in the neighbouring sub-aperture suggests that the surface SFR is about 0.01 M ⊙ yr −1 kpc −2 . We take this as an upper limit on the SFR at the location of the quasar slight line. Furthermore, we find that the sub-apertures along slit position 2 have a nearly uniform metallicity. The metallicity in the vicinity of the quasar line of sight is 0.5 Z ⊙ .
Thus, the quasar sight line passes through a region with moderate star-formation, high metallcity, and very low extinction. Fig. 4 , we present our higher resolution GMRT spectrum. With respect to the emission line redshift (z g =0.01693±0.00001) based on the SDSS spectrum corresponding to the center of the galaxy, the absorption peak is redshifted by ∼65 km s −1 (see Fig. 4 ). The absorption is also detected in the VLBI and WSRT data. These spectra are presented in subsequent sections.
Even though Hα emission is not detected along the line of sight to the quasar, the 21-cm absorption has a velocity range very similar to the Hα emitting gas in the disk at this galactocentric radius (see Fig. 3 ). Thus, it appears that the 21-cm absorption in this case originates from the gas co-rotating with the stellar disk.
In the GMRT spectrum (see Fig. 4 ), 90% of the total 21-cm optical depth is contained within 30 km s −1 and the total integrated 21-cm optical depth, τ(v)dv = 2.24 ± 0.10. For an optically thin cloud the integrated 21-cm optical depth is related to the neutral hydrogen column density N(H i), spin temperature T s , and covering factor f c through,
For f c =1, as is the case for this absorber (see Section 3.4) and adopting T s =70 K, which is the median column density weighted T s for the cold neutral medium (CNM) in our Galaxy (Heiles & Troland 2003) 
Thus, for temperatures typically seen in the CNM gas in the Galaxy, the 21-cm absorber detected towards quasar J1243+4043 can be classified as a DLA.
Parsec scale structure in cold atomic gas
The VLBI image (ROBUST = 0) of the quasar at ∼1396 MHz, is shown in the top panel of Fig. 5 . The quasar exhibits a core-jet morphology with the jet extending to the South with an overall extent of 25 mas, i.e. ∼9 pc at the redshift of the foreground galaxy. The morphology of the northern and southern components is better revealed in the higher resolution (3.0 mas×1.8 mas) 5 GHz image from the VLBA Imaging and Polarization Survey (VIPS; Helmboldt et al. 2007) . About 99% of the total cleaned flux density (165 mJy) in 5 GHz image can be modeled with two Gaussian components separated by 3.6 mas (i.e. 1.2 pc at the z g ), and having integrated flux densities of 105 mJy and 58 mJy in the northern and southern components respectively. In our ∼1396 MHz image, the northern component, identified as core on the basis of flatter spectral index and hence coincident with the optical quasar, has a peak flux density of 88 mJy beam −1 . The contour plot shown in the middle panel of Fig. 5 is centered at this core component. The total CLEANed flux density of the quasar in this image is ∼140 mJy. The total CLEANed flux density in a lower spatial resolution image (not shown here) made with Natural weighting is 167 mJy. The diffuse radio emission in this image extends up to 100 mas (35 pc at the z g ) southward from the 'core'. From the WSRT interferometric data obtained at the same epoch, we measure the total flux density of the quasar at arcsecond scales to be ∼198 mJy. Thus, at VLBI scales we recover ∼85% of the total arcsec scale flux density.
In the bottom panel of Fig. 5 , we also show the full resolution (∼0.9 km s −1 ) 21-cm absorption spectrum (rms∼0.7 mJy beam −1 channel −1 ) towards the radio continuum peak. To investigate the variation of the 21-cm optical depth across the radio source, we define six regions over the extent of the radio source (∼15 mas). These regions, labelled as [1] to [6] in Fig. 5 , have sizes of 3 mas×3 mas. The normalized 21-cm absorption spectra corresponding to these are shown in Fig. 6 . As the continuum is lower in regions beyond the peak, to enhance the signal-to-noise ratio the spectra have been smoothed to 4 km s −1 . The spectrum from region [1] has the maximum optical depth sensitivity (τ 3σ = 0.02). The sensitivity (τ 3σ = 0.08) is minimum for region [5] and is inadequate beyond (southward) it to detect the absorption.
Two conclusions can be drawn from the comparison of VLBI spectra from different regions: (i) the 21-cm absorption profiles are similar across (15 mas∼5 pc) the radio source. The largest detectable difference is between regions [1] and [5] at 5 km s −1 and it is significant only at 2.5σ, and (ii) the parsec-scale absorption spectra are also consistent with the GMRT 21-cm absorption spectrum (also shown in Fig. 6 ). The former implies that the size of the absorbing clouds A, B and C are ≥5 pc, i.e. the extent of the radio source. The latter under the plane-parallel slab approximation imply that the clouds also cover the remaining ∼30% of the radio continuum emission resolved out in the ROBUST =0 VLBI image. If the clouds covered only the radio emission detected in Fig. 5 then under the plane-parallel slab approximation the normalized flux densities for GMRT and VLBI spectra would have been different by 6σ. Therefore, based on the extent of radio emission detected in the VLBI image with Natural weighting, we conclude that the size of absorbing clouds ≥ 35 pc.
The extent of the absorbing gas observed here could be a direct consequence of coherent structures present in the diffuse atomic gas in galaxies. Similar cloud sizes have been inferred from the VLBI spectroscopic studies that have been possible for a handful of low-z H i 21-cm absorbers. In the case of the z abs = 0.0912 DLA towards B0738+313, Lane et al. (2000) found the background source to be Table 2 ), and the resulting fits to the spectrum are plotted as dotted and continuous lines, respectively. The residuals, on an offset arbitrarily shifted for clarity, are also shown. The zero on the velocity scale corresponds to the 21-cm absorption peak. The labels [1] to [6] mark regions used to investigate the variation of 21-cm optical depth across the radio source (see also Fig. 6 ).
partially resolved at mas scales. Within the measurement uncertainties they do not find any strong variations in the H i optical depth across 20 pc. In the case of QGP 3C 232 − NGC 3067 no 21-cm optical depth variations have been seen across ∼2-20 pc (Keeney et al. 2005) . For the z = 0.03321 galaxy towards J104257.58+074850.5, Borthakur et al. (2011) found that the 21-cm absorption is similar over 27.1 pc×13.9 pc (see also Dutta et al. 2016; Allison et al. 2017) . Similarly, Gupta et al. (2012) used VLBA continuum images of 52 quasars with H i 21-cm absorption optical depth measurements at 0.5< z <1.5 to conclude that the 21-cm absorbing gas is patchy and has a typical correlation length of 30-100 pc (see also Braun 2012; Curran et al. 2013) .
At z > ∼ 2 where large samples of DLAs are available, H i 21-cm and Lyα absorption spectra towards radio bright quasars can be combined to determine the spin temperature, T s , of the gas. As VLBI spectroscopy is not possible at high redshifts, these studies use the core fraction (i.e. the ratio of flux density detected in the mas-and arcsecond-scale images) to correct the optical depth for partial coverage using a single value of covering factor, f c , and to measure T s (e.g. Kanekar et al. 2009a; Srianand et al. 2012b; Kanekar et al. 2014) . The typical upper limit on the extent of radio emission from these observations is ∼300 pc. This is consistent with the lower limits on the sizes of absorbing clouds inferred from low-z VLBI spectroscopic observations and justifies the practice of using a single covering factor to correct for the partial coverage of radio emission. However, we caution that this assumption may only be valid for current samples of absorbers dominated by quasar sight lines tracing diffuse atomic gas with little dust extinction (color excess, E(B-V)<0.001 to 0.085 York et al. 2006 ). H i 21-cm optical depth variations of the order of a few over 10-100 pc have been observed for sight lines towards reddened quasars tracing denser ISM phases Biggs et al. 2016 ).
Spin temperature of the absorbing gas
Our radio and optical data allow us to constrain the temperature of the absorbing gas using several methods. From the WSRT ROBUST=0 H i cube, the spectrum extracted towards the quasar exhibits both 21-cm emission and absorption (left panel of Fig. 7 ; see also Section 3.7). We model the H i emission towards the quasar by fitting a single Gaussian of FWHM 79 km s −1 . The pixels with H i absorption were masked during this process. As a consistency check, we subtracted this Gaussian model from the WSRT profile. The resulting absorption spectrum, which is consistent with the absorption detected in the GMRT spectrum, is shown in the right panel of Fig. 7 .
Assuming optically thin emission, the H i line intensity can be converted to an H i column density using,
where S (v) is in mJy beam −1 km s −1 , v in km s −1 , and b maj and b min are the beam major and minor axes in arcsec. For a single Gaussian model fitted to the H i emission profile, this yields N(H i)=1.6×10 21 cm −2 . Using this and the integrated 21-cm optical depth from the GMRT spectrum with f c =1 in Equation 4, we get a harmonic mean spin temperature of 390 K.
Alternatively, we can also use the measured surface SFR and the Kennicutt-Schmidt law to estimate the H i column density along the quasar sight line. No Hα emission from the galaxy is detected at the location of the quasar. The SFR measured in the immediate neighborhood suggests that the surface SFR∼0.01 M ⊙ yr −1 kpc −2 . We take this as an upper limit on the SFR at the location of the quasar sight line. The Kennicutt-Schmidt law is given by, along the quasar sight line. This is consistent with the H i column . Left: The WSRT spectrum towards quasar J1243+4043. A single Gaussian fit to the H i emission is plotted as a dashed line. Right: The WSRT spectrum obtained after subtracting the Gaussian model fitted to the H i emission, and the GMRT spectrum (shaded profile) smoothed to 4 km s −1 . The 1σ error for the GMRT spectrum is also shown. density measured from the H i emission profile, and corresponds to a harmonic mean spin temperature of T s ≤410 K.
For a simple two-phase medium the harmonic mean spin temperature of atomic gas is related to the spin temperatures of the CNM and Warm Neutral Medium (WNM) phases through the 
where f CNM is the fraction of atomic gas in the CNM phase. For the CNM and WNM in the Milky Way, the kinetic temperatures of the CNM and WNM phases are ∼40-200 K and 5500-8500 K, respectively (Wolfire et al. 1995) . It is well known that T s depends on the local kinetic temperature of the gas, and in particular, T s = T K for CNM and T s ≤ T K for the WNM (Liszt 2001) . To constrain kinetic temperature of the CNM phase towards J1243+4043, we model the absorption profile shown in Fig. 5 using multiple Gaussian components. The fitted Gaussian parameters for components A, B and C are presented in Table 2 . From the width of the c 2017 RAS, MNRAS 000, 1-?? narrowest component B 4 and assuming that the line is purely thermally broadened, we determine T K = 115 K. This is very close to the typical values (∼100 K) of kinetic temperature observed in the Milky Way (e.g. Heiles & Troland 2003) . We adopt 115 K as the column density weighted harmonic mean spin temperature of the CNM phase, as detected in absorption. The temperature of the WNM phase is warm enough that it does not produce any detectable 21-cm absorption in the spectra. With this simple but powerful assumption for the sight line towards J1243+4043 (T s = 400 K), we estimate f CNM = 0.27. This is remarkably consistent with the median CNM fraction observed in the Galaxy (e.g. Fig. 7 of Heiles & Troland 2003) . Note that the majority of DLAs at highz exhibit CNM fractions significantly less than this (Srianand et al. 2012a; Kanekar et al. 2014) .
We would like to caution that while we detect absorption over 5-10 pc, the Hα based SFR and the 21-cm emission are both measured over ∼0.5 and 7 kpc respectively. The spatial inhomogeneities and structures in the gas may introduce large systematic errors into various total N(H i) estimates. Therefore, estimating total N(H i) and T s towards this sight line using Lyα absorption would be of much interest.
Faraday rotation and HI 21-cm absorption
If the background quasar is polarized then the magnetoionic plasma along the line of sight can also be detected via the effect of Faraday rotation, in which the polarization angle of the linearly polarized synchrotron emission rotates as it propagates through the intervening medium. The rotation measure (RM, in rad m −2 ) is given by:
where B in µG is the component of the magnetic field that lies parallel to the line of sight, n e in cm −3 is generally the electron density, and dl in pc is an infinitesimal element of the path length. In particular, in this context the samples of polarized quasars with intervening absorbers such as Mg ii and DLAs that are known to be associated with galaxies are of great interest. There have been several studies in the past to use samples of intervening absorbers to probe the cosmic evolution of magnetic fields (e.g. Kronberg & Perry 1982; Wolfe et al. 1992; Bernet et al. 2008; Farnes et al. 2014; Malik et al. 2017) .
The quasar J1243+4043 has an RM= −71.8±10.0 rad m −2 and a polarized fraction of P/I = 3.71 ± 0.22% at 1.4 GHz (Taylor et al. 2009 ). The foreground is likely not a substantial issue at a Galactic latitude of 76.3
• , and the catalogue of Oppermann et al. (2015) indicates a small Galactic Rotation Measure contribution of -5.1±4.0 rad m −2 . One could further argue that one requires a flatspectrum radio source in order to accurately probe a foreground intervening medium (Farnes et al. 2014) . As J1243+4043 shows very little flux variability at L-band, we combine the peak flux densities from various radio surveys: the TGSS-ADR at 150 MHz of 336.98 mJy, WENSS at 325 MHz of 303.98 mJy, the NVSS at 1.4 GHz of 171.5 mJy, and GB6 at 4.86 GHz of 125.81 mJy. This allows us to derive an integrated spectral index of α ≈ −0.3, and so J1243+4043 is well-suited for such a foreground study.
While the polarized fraction of J1243+4043 is rather typical of the underlying 1.4 GHz source population, the |RM| is higher than any other source in the high-z DLA sample of Farnes et al. (2017) . Following Farnes et al. (2017) and assuming a normal distribution of RMs, we calculate a Bayesian probability of 88.7
+4.5 −6.8 % that the RM of J1243+4043 is greater than the RM of the DLA sample from Farnes et al. (2017) . The stated errors in the calculated probability represent the 1σ uncertainty for the RM of J1243+4043. The location of J1243+4043 relative to the distribution of RMs and polarized fractions in Farnes et al. (2017) is shown in Fig. 8 (top  panels) . A key component of the Farnes et al. (2017) data are that the DLAs and background quasars are all located at high redshifts, with a median DLA redshift of 2.11 and a quasar redshift of 2.48.
We therefore compare these data with a catalogue of low redshift QGPs with H i 21-cm absorption measurements taken from the literature (Dutta et al. 2017b, Gupta et al. in prep.) , and RM from Taylor et al. (2009) . In this sample, there are 20 sightlines (excluding J1243+4043). Three of these are detected in H i 21-cm absorption. This sample has a median quasar redshift of 1.2 and a foreground galaxy redshift of 0.03. The impact parameters of quasar sight line from the center of galaxy are in the range: 3 -27 kpc (median: 15 kpc). This QGP sample is unique compared to the DLA sample in two ways: (i) the redshift range is comparable, and (ii) in all the cases we know whether a sight line passes through the optical extent of galaxy or not. Specifically, in this sample only the 21-cm detections are associated with sight lines through optical/H i disks of galaxies and can be classified as a DLA (for T s =100 K). The location of J1243+4043 relative to the distribution of RMs and polarized fractions in this new catalogue where control refers to the sight lines with 21-cm non-detections is shown in the bottom panels of Fig. 8 .
Critically, there is no detectable difference between the control versus DLA or 21-cm absorber samples in either catalogues. The only difference between the datasets are the distributions of the high-versus low-redshift RMs. We calculate a Bayesian probability of 71.0 +6.2 −7.7 % that the RM of J1243+4043 is greater than the RM of the low-z DLA sample. Such a probability indicates no significant effect. Any additional RM contribution from the plasma of the intragroup medium (IGrM; see Section 3.7) must be low, indicating either low electron density, a weak magnetic field, or field reversals along the line of sight.
The most likely scenarios are either that there is a (1 + z) 2 dilution in the RM of background quasars, or that the Galactic RM foreground varies substantially between samples. There is no evidence for a (1 + z) 2 dilution in the RM of the DLAs themselves, which do not show a marked difference from the control samples. Previous attempts to observe the former scenario of an evolving background quasar, e.g. Hammond et al. (2012) , find that any (1 + z) 2 dilution in RM due to cosmological expansion is weak out to z ∼ 3.5. If our data do therefore show an evolution in the background quasars, it may be due to a low-redshift selection effect on for example SDSS quasars relative to high-redshift SDSS quasars, or possibly a low-redshift evolution in the magnetoionic environment surrounding the quasars themselves.
To constrain the latter scenario of a varying Galactic RM foreground between samples, we use the best available model from Oppermann et al. (2015) . A plot of the distribution of Galactic RMs (GRMs) towards each source is shown in Fig. 9 . There is again no difference between specific samples. We calculate a Bayesian probability of 61.5 +18.5 −17.1 % that the GRM towards J1243+4043 is greater than the GRM towards the low-z DLA sample based on 21-cm absorption measurements. This is again consistent with no effect. The combination of no difference in RM, together with no difference in GRM, means that we are consequently unable to draw conclusions about the coherent magnetic fields in the DLA in J1243+4043 itself. The only difference between the datasets are the distributions of the high-versus low-redshift RMs, which display no subsequent difference in the GRMs. This is consistent with our earlier interpretation of either an uncontrolled selection effect or an evolution of the quasar magnetoionic environment at low redshifts. In terms of J1243+4043, the magnetic field properties do not allow us to distinguish between different scenarios in order to place strong constraints on this source. Future broadband spectropolarimetric observations of this source will enable improved tests that can attempt to determine where this sightline fits within the greater source population.
3.7 H i emission from the associated galaxy group: the environment of the foreground galaxy
In the WSRT data, we serendipitously detect H i 21-cm emission associated with other members of the galaxy group. The group is shown in Fig. 10 which shows the total H i intensity and the radio continuum maps from the WSRT data, overlaid on the SDSS r-band image. We use these images to study the large-scale properties of group members. The properties of group members are summarized in Table 3 . For estimating NUV − r colors we have reprocessed GALEX UV photometry following the method described in Wang et al. (2010) . The colors have been corrected for Galactic extinction following Wyder et al. (2007) . In short, we determine NUV extinction, A NUV , using A NUV -A r = 1.9807 A r , where A r is the r-band extinction from SDSS. The stellar masses and SFRs have been taken from the Max Planck Institute for Astrophysics/Johns Hopkins University value-added catalogues Brinchmann et al. 2004 ). The group members are typically low-mass (M * <10 10 M ⊙ ) blue galaxies with (NUV -r) < 4. The specific SFR vs M * trend for the group members is consistent with the H i-selected sample of Huang et al. (2012, ALFALFA survey) . The specific SFR falls off steeply for log (M * /M ⊙ ) >9.5. The trend in star formation efficiency is also consistent with the ALFALFA sample.
H i 21-cm emission is detected from all four members of the group. In addition, we detect a ∼80 kpc long H i bridge connecting Figure 10 . The WSRT radio continuum (blue) and total H i-column density contours (red) overlaid on the mosaiced SDSS r-band image. The H i-column density contour levels are 4×10 19 ×(1, 1.5, 2, 4, 6, 8, 16 ) cm −2 . The radio continuum contour levels are 1×2 n mJy beam −1 (where n=0,1,2,3,..). The synthesized beam is 30.7 ′′ ×13.9 ′′ with P.A. 31 • . This corresponds to 10.5×4.7 kpc 2 at the z g . The QGP J1243+4043 is at top-right corner. The group members are labelled.
UGC 07921 
where D L is the luminosity distance to the galaxy in Mpc. Using this relation and D L =72.7 Mpc at z g =0.017 we get M HI =6×10 9 M ⊙ . The H i mass of UGC 07921 is ∼10 10 M ⊙ . The total H i mass of system consisting of SDSS J1244+4041, IC 3723 and the H i bridge is 10 10 M ⊙ (Table 3) .
The overall H i content and morphology of a galaxy can be affected by interaction with other galaxies (Yun et al. 1994; Hibbard et al. 2001; Verdes-Montenegro et al. 2001; Serra et al. 2013; Borthakur et al. 2015; Serra et al. 2015) . In general, the galaxies in high-density environments have less H i than the similar galaxies residing in fields. The expected H i masses, log (M HI /M ⊙ ), for UGC 07904 and UGC 07921 estimated using (NUV -r)-based correlations from Brown et al. (2015) are 9.9 and 9.8, respectively. These correspond to deficiency-parameter, DEF HI = log M HI,explog M HI,obs , of only 0.1 and −0.2 dex, respectively. J1244+4041 and IC 3723 are embedded in the H i gas stripped by their interaction. The expected H i mass, log (M HI /M ⊙ ), of these two galaxies using the above-mentioned correlations is 9.3 and 9.7, respectively. The total observed H i mass of the system consisting of these two galaxies and the H i bridge is remarkably consistent with this (Table 3) . Kinematically, both the galaxies have almost identical (within 30 km s −1 ) recession velocities and we do not observe any systematic velocity gradient across the bridge. Therefore, it is not straightforward to determine their individual H i masses. Based on the position-velocity diagrams, in case of IC 3723 the H i gas is regularly rotating out to a radius of 20 ′′ along the major and minor axes. For J1244+4041, the gas is regularly rotating out to 35 ′′ along the major axis and 20 ′′ along the minor axis. Within these apertures the total H i flux associated with J1244+4041 and IC 3723 is 1.2 and 1.7 Jy km s −1 , respectively. The corresponding H i masses, log (M HI /M ⊙ ), and deficiency parameters, DEF HI , are 9.2 and 9.4, and 0.1 and 0.3, respectively. Based on the deficiency parameter IC 3723 has lost most H i gas and is the main contributer to the H i bridge. This inference is also supported by its extremely disturbed optical morphology (Fig. 11) . The other group members also have disturbed morphologies but to a lesser extent. Using SDSS, we identify a faint galaxy (labelled as G in Fig. 10 ) at z=0.0175 that may also be a member of the group. This galaxy is not detected in H i emission and exhibits distorted morphology. More sensitive radio and optical observations, and detailed modelling of SF histories of group members is required to determine the complete group membership and understand the details of ongoing interaction.
In the group, IC 3723 is bluest and has the highest SFR (1 M ⊙ yr −1 ), perhaps due to interactions with group's members and medium. Consistent with its enhanced SFR, it is also detected in radio continuum with a flux density of 3.8 mJy. Following Bell (2003) , the SFR inferred from the radio continuum is 1.8 M ⊙ yr −1 . The SDSS images do not reveal any stellar counterparts to the H i bridge. There are two radio continuum sources detected within ∼1 ′ of UGC 07921 (see Fig. 10 ). The one coincident with the center of the galaxy has a flux density of 20 mJy and its southern counterpart has a flux density of 11 mJy. Based only on the SFR of this galaxy (Table 3) , we expect to detect a 1.4 GHz flux density of only ∼0.7 mJy. The standard [O III]/Hβ and [N II]/Hα ratios of the galaxy imply that it is a normal star forming galaxy (Best & Heckman 2012) . Therefore, we conclude that the two radio sources are unrelated to UGC 07921. It is unclear if these are at a higher redshift than the galaxy. In any case, both the radio sources are too faint and no H i 21-cm absorption is detected towards these.
SUMMARY AND CONCLUSIONS
In this paper, we have presented a detailed study of the quasar/galaxy pair: SDSS J124357.5+404346.5 (z q =1.5266)/ UGC 07904 (z g =0.0169). The redshift of the foreground galaxy is from the SDSS whereas the redshift of the quasar is measured using the 2-metre optical telescope at IGO. The SDSS spectroscopic survey may have missed such interesting quasar sight lines that pass through the optical extent of a galaxy (see Srianand et al. 2013 , for another such case). We were able to identify these as potential QGPs mainly due to the radio brightness and compactness of AGNs at arcsecond scales.
The measured ∆(g-i) color of the quasar J1243+4043 is -0.05±0.02. Even though the quasar sight line is passing very close to the spiral arm of a galaxy at an impact parameter of 6.9 kpc, the quasar is actually slightly bluer compared to the control sample of SDSS quasars at similar redshifts. Based on the IGO long-slit spectrum, the metallicity is near-Solar at the center of the galaxy, decreases radially outwards, and is about 0.5 Z ⊙ near to the location where the quasar sight line passes through the galaxy. Overall, the quasar sight line passes through a region of the galaxy with high metallicity and very little dust extinction.
The background quasar, although compact in our GMRT and WSRT observations, it exhibits a core-jet morphology with an overall extent of ∼9 pc at z g in the global VLBI array image. We detect H i 21-cm absorption from the foreground galaxy with the GMRT (see also Dutta et al. 2017b) , WSRT, and VLBI data. Kinematically, it appears that the 21-cm absorption in this case originates from the gas co-rotating with the stellar disk. The total H i 21-cm optical depth is 2.24±0.10. For a spin temperature of 70 K the H i column density is 3×10 20 cm −2 . Thus, for temperatures typically seen in the CNM gas in the Galaxy (Heiles & Troland 2003) , the 21-cm absorber detected towards the quasar can be classified as a DLA.
The VLBI 21-cm absorption spectra are consistent with the GMRT spectrum and show no optical depth variations (τ 3σ < 0.03) across the radio source. From this we conclude that the size of absorbing clouds are >5 pc and they may be part of diffuse cold gas structures that extend beyond ∼35 pc. This, together with the cloud sizes inferred from other H i 21-cm absorption measurements from diffuse ISM, suggests that the practice of assuming single covering factor to estimate the spin temperature from high-redshift DLAs is reasonably justified (e.g. Kanekar et al. 2009a; Gupta et al. 2012 ). However, caution should be applied in case of sight lines tracing the denser phases of the ISM (e.g. Srianand et al. 2013; Biggs et al. 2016) . Direct measurements of clouds sizes using VLBI spectroscopy at high-z with upcoming facilities will be essential for such sight lines (see last paragraph).
Our radio and optical data allow us to constrain the temperature of the absorbing gas using several methods. By combining H i column density estimates with the total 21-cm absorption optical depth, we determine the harmonic mean spin temperature of the gas to be ∼400 K. The 21-cm absorption profile is wellfitted with three Gaussian components. The width of the narrowest component corresponds to a kinetic temperature of 115 K. For a simple two-phase medium, adopting this as the harmonic mean spin temperature of the CNM, we estimate the CNM-fraction, f CNM = 0.27. This is remarkably consistent with the CNM fraction observed in the Galaxy, but less than the high-redshift DLAs (Srianand et al. 2012b; Kanekar et al. 2014) .
The quasar J1243+4043 is polarized and has a flat spectrum with an integrated radio spectral index of α ∼ −0.3. Therefore, it offers a unique opportunity to also probe the magnetoionic plasma from the foreground galaxy along the same line of sight as the 21-cm absorber. While the polarized fraction of J1243+4043 is rather typical of the underlying 1.4 GHz source population, the |RM| is higher than that of any other source in the high-z DLA sample of Farnes et al. (2017) . A key component of the Farnes et al. (2017) data are that the DLAs and background quasars are all located at high redshifts, with a median DLA redshift of 2.11 and a quasar redshift of 2.48. Therefore, we also compare these data with a catalogue of low redshift QGPs with H i 21-cm absorption measurements from the literature (Dutta et al. 2017b, Gupta et al. in prep.) . Critically, we do not find any detectable differences in RMs and polarization fraction of sight lines with or without DLAs (or 21-cm absorbers). Future broadband spectro-polarimetric observations of the QGP J1243+4043 will enable improved tests that can determine where this sight line fits within the greater source population.
The foreground galaxy associated with J1243+4043 is part of a galaxy group. In our WSRT data, we serendipitously detect H i 21-cm emission from four members of the group and a ∼80 kpc long H i bridge that connects two of the members. Remarkably, the total observed H i mass of these two members and the bridge is consistent with the total H i mass of the two galaxies as expected from the (NUV -r) based H i-scaling relations (Brown et al. 2015) . We find that most of the H i mass to the bridge is contributed by one galaxy. This particular galaxy perhaps due to the interactions with other members of the group, shows bluer colors, higher SFR, and an extremely disturbed optical morphology. The other members of the group also have disturbed morphologies but to a lesser extent.
Thanks to large surveys from Square Kilometer Array (SKA) pathfinders and precursors (e.g. Allison et al. 2016; Gupta et al. 2017; Maccagni et al. 2017; Jarvis et al. 2017 ) the number of absorption line systems, especially sight lines through dusty ISM, at radio wavelengths is expected to dramatically increase over the next few years. Detailed H i 21-cm emission and absorption studies over multiple angular scales as presented here will be needed to extract the wealth of information on the neutral ISM in galaxies. Such studies will be routinely possible with SKA-VLBI (Paragi et al. 2015) and the low frequency component of ngVLA .
